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Method of driving solid-etate imaging device, solid-state Imaging device and camera 



(57) To provide a solid-state Imaging device driving 
method, a solid-state imaging device and a camera in 
which the solid-state imaging device is able to operate 
at a high speed without a change ol an angle of view 
and without a mixture of colors in a color solid-state im- 
aging device by reducing an amount bl data in the hor- 
izontal direction to 1/2. In a solid-state imaging device 
(1) of a two-dimensional arrangement having a pixel 
. apprising a light-rece™^ 
ticalregister (4) or a vertical register (4) having a liojrt- 
recerving function and a horizontal register (6). signal 
electric charges of pixels distant from each other on one 
row. are transferred to the horizontal register (6), these 
signal electric charges are mixed within the horizontal 
register (6), and the mixed signal electric charge is 
transferred tn the horizontal direction. Further, in the 
color solid-state imaging device (1). signal electric 
charges ot pixels of the same color distant from each - 
other In the one row are transferred to the horizontal reg- 
ister (6), these signal electric charges are rrdxed within 
the horizontal register (6), and the mixed signal electric 
charge is transferred In the horizontal direction- Also, a 
transfer gate unit (4A) is disposed between the vertical 
register (4) and the horizontal register (6). In this transfer 
gate unit (4A), there is ananged a sofid-state imaging 
element in which transfer electrodes (15A. 1 5B) of first 
phase and second phase are alternately disposed at 
every predetermined column of the vertical register (4). 
Then, there is arranged a camera having a switching 
mode for switching a mode in which signal electric 
charges of pixels distant from each other m the one row 
are transferred to the horizontal register (6), the signal 
electric charges are mixed within the horizontal register 
(6) and the mixed signal electric charge is transferred In 



the horizontal direction and a normal imaging mode. 



FIG. 6 
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Description 

BACKGROUND OF THE INVENTION 
FiekJ of the Invention 

[0001] Tha present invention relates to a method of 
driving a solid-state imaging device having a CCD reg- 
ister, a solid-state imaging device and a camera having 
provided with a solid-state imaging device. 

Description ol the Related Art 

[0002] The number of pixels in a soTtd-state imaging 
device remarkably increases in accordance with a 
progress of recent technologies. 
[0003] As the number of pixels increases as de- 
scribed above, it is strongly desired to having a function 
to reduce the number of output data in one frame period 
according to the need. 

[0004] As an example of such function , in an electron- 
ic still camera, for example, when a user takes a picture, 
a resolution of a stitl picture is given a priority so that 
signals of 500 lines are outputted at a speed of 30 
frames/second, for example, from a CCD solid-state im- 
aging device. When a user views an object by an elec- 
tronic viewfinder, a resolution of a real moving picture i9 
given a priority so that signals of 250 lines are outputted 
at a speed of 60 frames/second. 
[0005] However, according to the above-mentioned 
method, when a user views an object by an electronic 
viewfinder, signals of remaining 250 lines are useless 
and discarded. 

[0006] Therefore, the inventor or the like has previ- 
ously proposed a solid-state imaging device for obtain- 
ing a signal which results from adding signal charges of 
two pixels distant from each other in the vertical direction 
in a CCD vertical register (see Japanese laid-open pat- 
ent appBcation No. 9-55952). 
[0007] That is, in the above-described solid-state im- 
aging device, as shown in FIG. 1, assuming that O#0 is 
a 6ignal charge of kih line, then a vertical register pro- 
duces an array of signal charges of Q(k) + Q(k+2). Q 
(k+1 ) + Q(k+3), Q(k+4) + Q(k+5), Q(k+5) + Q(k+7) ... on 
the same tine. 

[0008] Thus. In a CCD solid-state Imaging device hav- 
ing a color filter In which two pixels are repeated In the 
vertical direction, it became possible to add signals of 
two pixels at the same accumulation timing without dis- 
charging signals. 

[0009] In the above-mentioned solid-state imaging 
device, it is possible to reduce the number of data in one 
frame by reducing the number of fines in the vertical di- 
rection to 1/2. 

[0010] However, in the square lattice pixel, a balance 
between resolutions in the horizontal and vertical direc- 
tions Is deteriorated. 

[0011] Also, if the number of data of one frame Is fur- 



ther reduced with application of this method, then such 
balance becomes worse further. 
[0012] When a CCD solid-state Imaging device hav- 
ing 1300000 pixels of 15 frames/second, for example, 

5 is operated at 60 frames/second, a resolution in the ver- 
tical direction is reduced to 1/4. 
[0013] For this reason, it becomes necessary to re- 
duce the number of data of one frame by reducing the 
number of data in the horizontal direction to reduce the 

to numbers of data in the horizontal and vertical directions. 
[001 4] Then, there is considered a method of similarly 
reducing the number of data in the horizontal direction 
with application of the previously-proposed method of 
reducing the number of data in the vertical direction. 

is [0015]. However, if this vertical direction data reduc- 
tion method is applied to a reduction of data in the hor- 
izontal direction as it te, then as shown by the state in 
which signal charges are being operated as shown In 
FIG. 2, blank packets are produced in a packet PH of a 

so horizontal CCD register. Therefore, although the 
number of data in the horizontal Direction may be re- 
duced, the number at which the horizontal CCD register 
is driven is not changed. 

[0016] Thus, when the driving frequency of the hori- 
2B 2ontal CCD register is made constant, regardless of 
whether or not the reduction of data in the horizontal 
direction is carried out, one horizontal period becomes 
the same. 

[0017] Accordingly, there is not achieved the effect in 
30 which the frame frequency is increased by reducfrig the 
number of data. 

[001 8] On the other hand, as a method which is used 
at present to reduce data in the horizontal direction, 
there are available two methods of (1) method of dis- 
ss charging a part of signal charges in the horizontal direc- 
tion at a high speed by a horizontal CCD register and 
(2) method of adding signal charges by a floating diffu- 
sion amplifier. 

[0019] Initially, in the method (1 ) of discharging a part 
40 of signal charges in the horizontal direction by the hori- 
zontal CCD register, the horizontal CCD register, for ex- 
ample, is driven, signal charges equivalent to 1/2 of the 
number of pixels in the horizontal direction are used as 
output signals from the CCD register, and remaining 1/2 
45 signal charges are Discharged to a drain of the floating 
Diffusion amplifier unit by driving the horizontal CCD reg- 
ister at a higher frequency. 

[0020] In this method, since the horizontal CCD reg- 
ister should be driven at a higher frequency, a horizontal 

so CCD register with a high frequency and an excellent 
transfer efficiency becomes necessary, thereby making 
a design become more difficult 
[0021] Further, since only electric charges equivalent 
to 1/2 of the number of pixels are used and remaining 

ss 1/2 electric charges are discharged, it is Impossible to 
reduce the number in which the horizontal CCD register 
transfers signal charges. This means that the power 
consumption of the horizontal CCD register becomes 
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twice when a twice frame rate is obtained by discharging 
1/2 electric charges in the horizontal direction, for ex- 
ample. 

[0022] Also, since 1 12 signal charges are discharged, 
an incident light can not be utilized effectively. 
[0023] Then, because 1/2 consecutive pixels in the 
horizontal direction are used, there is then the defect 
that the imaging range in the horizontal direction is re- 
duced to 1/2, thereby resulting in a so-called angle of 
view being reduced to 1/2. 

[0024] Also, according to the method (2) in which sig- 
nal charges are added by the floating diffusion amplifier, 
by reducing the reset frequency of the floating diffusion 
amplifier to 1/2, it is possible for the floating diffusion 
amplifier unit to obtain an output which results from add- 
ing horizontal electric charges of two pixels. 
[0025] However, since ths driving frequency of the 
horizontal CCD should be increased twice in order to 
increase the frame rate twice, there is then the defect 
that the power consumption of the horizontal CCD reg- 
ister becomes twice. 

[0026] Also, since the driving frequency of the hori- 
zontal CCD register and the reset frequency of the float- 
ing diffusion amplifier are different from each other, a 
noise caused by a capacitive coupling tends to be mixed 
into the solid-state imaging device, 
[0027] I n addition, since the output signal of the pixel 
signal is separated into a first pixel signal and an added 
signal of first and second pixels, a sampling possible 
time due to the output signal being flat ts reduced to 
about 1/2. Thus, the conventional solid-state imaging 
device is not suitable as a higfr -speed solid-state imag- 
ing device. 

SUMMARY OF THE INVENTION 

[002$] In order to solve the above-mentioned prob- 
lem, according to the present invention, there are pro- 
vided a solid-state imaging device driving method, a sol- 
id-state imaging device and a camera in which the solid- 
state imaging device is able to operate at a high speed 
without a change of an angle of view and without a mix- 
ture of colors in a color solid-state imaging device by 
reducing an amount of data in the horizontal direction to 
1/2. 

[0029] In a solid-state imaging device of a two-dimen- 
sional array having a pixel comprising a light-receiving 
accumulation unit and a vertical registeror a vertical reg- 
ister having a fight -receiving function and a horizontal 
register, a solid-state imaging device driving method ac- 
cording to the present invention is comprised of the 
steps of transferring signal charges of pixels cfctant from 
each other on the same row to the horizontal register, 
and mixing the signal charges within the horizontal reg- 
ister and transferring the mixed signal charge In the nor 
— izontaf di re c tion: 
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ceh/ing accumulation unit and a vertical register or a ver- 
tical register having a light-receiving function and a hor- 
izontal register, a solid-state imaging device driving 
method according to the present invention is comprised 
of the steps of transferring signal charges of pixels of 
the same color distant trom each other on the same row 
to the horizontal register, andmixing the signal charges 
within the horizontal register and transferring the mixed 
signal charge in the horizontal direction. 
[0031] A solid state imaging device according to the 
present invention is arranged such that a transfer gate 
unit is disposed between a vertical register and a hori- 
zontal register and in the transfer gate unit transfer elec- 
trodes of first phase and second phase are alternately 
disposed at every predetermined column of the vertical 
register 

[0032] A camera according to the present invention is 
formed by a switching mode for switching a mode In 
which signal charges of pixels distant from each other 
on the same row are transferred to a horizontal register, 
the signal charges are mixed within the horizontal reg- 
ister and the mixed signal charge is transferred in the 
horizontal direction and a normal imaging mode. 
[0033] According to the above-mentioned solid-state 
imaging device driving method of the present cnvention, 
since signal electric charges of pixels distant from each 
other on the same row are transferred to the horizontal 
register, the signal electric charges are mixed within the 
horizontal register arid the mixed signal electric charge 
is transferred in the horizontal direction, it is possible to 
reduce the number of data In the horizontal direction. 
[0034] According to the above-mentioned solid-state 
imaging device driving method of the present invention, 
since signal electric charges of pixels of the same color 
distant trom each other on the same row are transferred 
to the horizontal register, signal electric charges are 
mixed within the horizontal register and the mixed signal 
electric charge is transferred in the horizontal direction, 
the number of data in the horizontal direction may be 
reduced without generating the mixture of colore. 
[0035] According to the above-mentioned solid-state 
imaging element of the present invention, since the 
transfer gate unit includes the transfer electrodes of the 
first and second phases alternately disposed at every 
45 pr edetermsied column of the vertical register and signal 
electric charges can be separately transferred to the 
horizontal register at every predetermined unit of the 
vertical register, the horizontal register Is operated dur- 
ing this period and signal electric charges transferred 
separately may be mixed withfri the horizontal register. 
[0036] According to the above-mentioned camera of 
the present invention, since this camera has the mode 
in which signal electric charges of pixels distant from 
each other on the same row are transferred to the hor- 
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Jt . « izontal register, the signal electric charges are mixed 

wrthirHha^onzontal register-and the-mixed signal elec- 

[0030] tnacolorsolld^ trie charge is transferred in the ^™^ n 

dimensional array having a pixel comprising a fight-re- this mode, the camera can be operated at a speed blgh- 



PACE 10/38 ■ RCVD AT 4/28/2008 2:16:05 PM [Eastern Daylight Time] ■ 8VR:UBPTO-EFXRF-2/15 ■ DNIS:2738300 ■ C8ID:81 2-455-3801 * DURATION (mm-ss): 25-04 



28/04/2006 13:06 



6124553801 



HSML, PC (rw) 



Page 11/38 



EP 0 936 80S A2 



er than a normal operation speed so that an object may 
be observed through a viewflnder and an imaging range 
may be monitored by using this mode and so on. 

BRIEF DESCRIPTION OF THE DRAWINGS * 

[0037J 

FIG. 1 is a schematic arrangement diagram of a sol- 
id-state imaging device in which signal electric H> 
charges distant from each other by two pixels in the 
vertical direction are added; 
FIG. 2 is a diagram showing the states of signal 
electric charges and signal packets during transfer 
operation in the solid-state imagingdeviceolFIG. 1; » 5 
FIG. 3 la a schematic arrangement diagram (plan 
view) of a CCD solid-state imaging device accord- 
ing to the present invention; 
FIG. 4 is a plan view showing the layout of a color 
filter used in the color CCD solid-slate imaging de- 
vice of FIG. 3; 

FIG. 5 is a diagram used to explain the manner in 
which colors of respective pixels are arranged in the 
color CCD solid-state imaging device of FIG. 3; 
FIG. 6 is a plan view of a connected portion of a & 
vertical CCD register and a horizontal CCD register 
and a gate electrode in the color CCD solid-state 
imaging device of FIG. 3; 

FIG. 7 is a timing chart of drive pulses applied to 
respective transler electrodes in the color CCD sol- 30 
id-state imaging device of FIG. 3; 
FIG. 8 Is potential diagrams showing, in its A to C, 
the manner in which electric charges are trans- 
ferred at the timing of FIG. 7 in the cress-section 
taken along the line A - A' and r» the cross-section 35 
taken along the line B - B* in FIG. 6; 
FIG. 9 is potential diagrams showing, in its D and t 
E, the manner in which etectric charges are trans- 
ferred at the timing of FIG. 5 in the cross-section 
taken along the line A - A 1 and in the cross-section <° 
taken along the line B - B* In FIG. 6; 
FIG. 10 is potential diagrams showing, in its F to H, 
the manner in which electric charges are trans- 
ferred at the timing of FIG. 5 the cross-section taken 
along the line A - A' and in the cross-section taken 
along the line B - B* In FIG. 6; 
FIG. 11 Is potential diagrams showing, in its I to J, 
the manner in which electric charges are trans- 
ferred at the timing of FIG. 5 the cross-section taken 
along the line A - A* and in the cross-section taken *> 
along the line B -ff in FIG. 6; 
FIG. 12 is diagrams showing the manner h which 
the states of signal electric charges and signal 
packets are changed at me timing of FIG. 7 , in which 
A is a state obtained at a time til, and B is a state ss 
obtained at a time 112; 

FIG. 13 is dBagrams showing the manner in which 
the states of signal electric charges and signal 



packets are changed at the timing of FIG. 7, in which 
C is a state obtained at a time t1 3, D is a state ob- 
tained at a time tl4 and E is a state obtained at a 
timetiS: 

FIG. 14 is diag/am showing the manner in which the 
states of signal electric charges and signal packets 
are changed at the timing of. FIG. 7, in which F is a 
state obtained at a time t21 , G te a state obtained 
at a time t22 and H is a state obtained at a time t23; 
FIG. 15 is diagrams showing the manner in which 
the states of signal electric charges and signal 
packets are changed at the timing of FIG. 7, in which 
I is a state obtained at a time t24, and J is a state 
obtained at a time t25; 

FIG. 16 is a diagram used to explain a bayer ar- 
rangement; 

FIG. 1 7 is a diagram showing the states of the signal 
electric charges and signal packets obtained at a 
Ume til of FIG. 7 in the embodiment in which signal 
charges in the vertical direction are added; 
FIG. 1 8 is a diagram showing the states of the signal 
electric charges and signal packets obtained at a 
time t25 of FIG. 7 in the embodiment in which signal 
charges in the vertical direction are added; and 
FIG. 19 is a schematic arrangement diagram (circuit 
block diagram) of a camera according to an embod- 
iment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0038] According to the present invention, in a solid- 
state imaging device of a two-dimensional array having 
a pixel comprising a light-receiving accumulation unit 
and a vertical register (interfere transler type or frame 
interline transfer type) or a vertical register {frame trans- 
fer type) having a light-receiving function and a horizon- 
tal register, there is provided a solid-state imaging de- 
vice driving method which is comprised of the steps of 
transferring signal charges of pixels distant from each 
other on the same row to the horizontal register, and 
mixing the signal charges wfthin the horizontal register 
and transferring the mixed signal charge fri the horizon- 
tal cfirection. 

[0039] Also, according to the present invention, in the 
above-mentioned solid-state imaging device driving 
method, after the signal charges of pixels distant from 
each other on the same row are separately transferred 
from the vertical register to the horizontal register and 
one signal charge is transferred to the horizontal regis- 
ter, the one signal charge is transferred within the hori- 
zontal register and the other signal charge is transferred 
to the horizontal register, in which the signal charges are 
mixed. 

[0O4O] Also, according to the present invention, in the 
above-fnentioned so«d-state imaging device driving 
method, when the signal charges of pixels distant from 
each other on the same row are transferred from the 
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vertical register to the horizontal register, the signal 
charges are transferred at every vertical register of ad- 
jacent predetermined column. 
[0041] According to the present invention, in a color 
solid-state imaging device of a two-dimensional array 
having a pixel comprising a light-receiving accumulation 
unit and a vertical register or a vertical register having 
a light-receMng function and a horizontal register, there 
is provided a solid-state imaging device driving method 
which is comprised- of the steps of transferring signal 
charges of pixels of the same color distant from each 
other on the same row to the horizontal register, and 
mixing the signal charges within the horizontal register 
and transferring the mixed signal charge In the horizon- 
tal direction. 

[0042] According to the present invention, there is 
provided a solid state imaging device being arranged 
such that a transfer gate unit is disposed between a ver- 
tical register and a horizontal register and in the transfer 
gate unit transfer electrodes of first phase and second 
phase are alternately disposed at every predetermined 
column ol the vertical register. 

[0043] According to the present invention, there is 
provided a camera formed by a switching mode for 
switching a mode in which signal charges of pixels dis- 
tant from each other on the same row are transferred to 
a horizontal register, the signal charges are mixed within 
the horizontal register and the mixed signal charge is 
transferred in the horizontal direction and a normal im- 
aging mode. 

[0044] FIG. 3 is a plan view showing a schematic ar- 
rangement of a color CCD solid-state imaging device 
according to an embodiment of the present invention. 
FIG. 3 shows the case In which the present invention is 
applied to a color CCD solid-stale imaging device of an 
interline transfer type. 

[0045] In this color CCD softd-state imaging device 1 , 
each pixel includes a photodbde 2, a vertical CCD reg- 
ister 4 and a read-out gate 3 for controlling the photodi- 
ode and the vertical CCD register. The whole of pixels 
comprises an imaging region 5. A vertical CCD register 
extended portion 4A is disposed between the imaging 
region 5 and a horizontal CCD register 6. This extended 
portion is treated by a light-shielding process and has a 
function to transfer signal electric charges between the 
vertical CCD register 4 and the horizontal CCD register 
6: 

[0046] Incidentally, the extended region of the vertical 
CCD register 4 may be enlarged and served as a frame 
interfine transfer type CCD solid-state imaging device. 
[0047] Then, a color filter 10 shown in FIG. 4, for ex- 
ample, is deposed on respective pixels and three fight 
signals of red, blue, green are obtained through this 
colorfmer, thereby resulting in the color CCD solid-state 
imaging device 1 being arranged. 
[0048] In this color fflter 10, color filters of odd col- 
umns are all green G. Cobr niters of even column are 
color filters of red R and Wue 8 which are alternately 



opposed at every period of two pixels. The color ar- 
rangement of each even column is the same. That is, 
the arrangement has the cycle of every two pixels in the 
horizontal direction and the cycle of every two pixels in 

5 the vertical direction. 

[0049] FIG. 5 schematically shows the arrangement 
in which the respective pixels are sectioned to three 
colors by the arrangement of this color filter 10. Refer- 
ence numerals Q11. G13, ... R12, Rl4, ... B22.B24 ... 

io denote respective pixels, G, R, B denote colors of color 
. filters, and affixed numerals denote the layout in which 
pixels are disposed on the row and the column. That is, 
reference numeral G13 denote a pixel having a green 
G filter arranged at the first row and the third column. 

is [0050] Further. FIG . 6 shows a plan view of a connect- 
ed portion of the vertical CCD register and the horizontal 
CCD register and a gate electrode. FIG. 6 shows a part 
of the vertical CCD register extended region 4A and a 
part of the horizontal CCD register 6 in FIG. 3. 

20 [0051 ] Numeral 1 , 2, 3, 4 affixed to the upper portions 
of the vertical CCD registers correspond to the arrange- 
ment of the columns in FIG. 3. TTiat is, the vertical CCD 
register 4 on the first column In FIG. 6 shows the vertical 
. CCD register connected to the pixels of the pixels G11 , 

25 G21, G31 ... ol the first column in FIG. 3. 

[0052] In FIG. 6, the driving system of the vertical 
CCD register4 is of a three-phase driving and drive puls- 
es are represented by reference numerals $V1 , (|>V2, 
$V3. 

so [0053] Then; the drive pulse 4>V1 ts applied to a first 
vertical transfer electrode 1 1 . the drive pulse <frV2 is ap- 
plied to a second vertical transfer electrode 12, and the 
drive pulse 4>V3 is applied to a ttilrd vertical transfer elec- 
trode 13. respectively. 

35 [0054] The horizontal CCD register 6 is of a two- 
phase driving which is available generally. Drive pulses 
are represented by reference symbols $H1, $H2, and 
horizontal transfer electrodes corresponding to the re- 
spective drive pulses are represented by H1, H2. 

40 [0055] The horizontal transler electrodes HI, H2 of 
the horizontal CCD register 6 are composed of a third 
porycrystaJHne sateon layer and a second polycrystailine 
silicon layer from the front of the horizontal transfer di- 
rection, respectively. Horizontal transfer electrodes 

*5 formed of second layer polycrystaffine silicon layer are 
served as storage electrodes His, H2s> regions cone- 
sponding to the storage electrodes His, H2s are served 
as accumulation regions, horizontal transfer electrodes 
formed of third layer poycrystaJline silicon layer are 

so served as transfer electrodes Hit, h2t, and regions cor- 
responding to the transfer electrodes Hit, H2t are served 
as barrier regions. 

[0056] Special transler electrodes 15A, 1 58 are pro- 
vided on the vertical CCD register extended portion 4A 
ss at its portion adjacent to the horizontal CCD register 6. 
The two transfer electrodes 15 A. 15B are disposed in 
such a marmerthatthe positions of the two transfer elec- 
trodes 15A, 15B are replaced with each other at every 
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two columns. Drive pulses *VA and $VB are applied to 
these two transfer electrodes, respectively. Thus, with 
respect to adjacent two columns {An - 3 columns and 4n 
- 2 columns; n is a natural number) and other two col- 
umns (4n - 1 column and 4n columns) in one cycte of 
four columns, the transfers from the vertical CCD regis- 
ter 4 to the horizontal CCD register 6 may be controlled 
separately. 

[0057] Incidentally, these two transfer electrodes 1 5A, 
1 SB are each comprised of two portions having different 
potentials afthough not shown. A portion on the horizon- 
tal CCD register 6 side has a deep potential, and a por- 
tion on ths opposite side has a shallow potential. 
[0058] As a method of providing different potentials, 
there may be adopted well-know conventional methods 
such as a method of changing impurity concentration in 
the CCD register under the transfer electrode, a method 
of providing gate insulating films having different thick- 
nesses under the transfer electrode and so on. 
[0059] Also, in FIG. 6, reference numeral 14 denotes 
a channel stop which separates the portion between the 
vertical CCD registers of respective columns. 
[00S0] A fixed voltage Vpc is applied to the portion 
between the extended portion 4A of the vertical CCD 
register 4 and the horizontal CCD register 6 thereby to 
adjust the flow of signal electric charges to the horizontal 
CCD register 6. Instead of this fixed voltage V^, there 
may be applied a pulse-like voltage. 
[0061 J BG. 5 shows a timing chart with respect to the 
drive pulses 0 V1 , $V2. $V3, <frVA, 4>VB. $H 1 . «>H2 applied 
to the respective transfer electrodes. 
[0062] FIG. 7 comprises two vertical transfer periods 
V\ . V 2 and two horizontal register electric charge mixing 
periods HM„ HM* Other period of time comprises a 
horizontal transfer period H in which signal electric 
charges are transferred in the horizontal CCD register 
[0063] FIGS. 8 to 1 1 are potential diagrams showing 
the manner in which electric charges are transferred at 
the timing of RG. 7 in A - A* cross-section (first column) 
and B-B* cross-section (third column) of FIG. 6. 
[0084] Wfth respect to the potentiate of the regions 
corresponding to the drive pulses <>VA and $VB, due to 
the potential barrier formed by ion implantation such as 
implanting a p-type ion onto one portion (opposite side 
of horizontal CCD register), the potentials are not flat 
but have differences. Owing to the potential difference, 
the two-phase transfer operation may be executed In the 
regions corresponding to these drive pulses <|>VA and 
4>VB. 

[0065] In FIGS, 8 to 11 , signal electric charges corre- 
sponding to the pixels G11; R12, G13, R14, ... shown in 
FIG. 3 are represented by reference symbols G11 , R12, 
G13»R14, similarly. 

[0066] FIGS. 1 2 to 1 5 are diagrams showing the state 
changes ol the signal electric charges and the signal 
packets at the timing of FIG. 7. Also in FIGS. 12 to 15, 
signal electric charges corresponding to the pixels 011. 
R12. G13. R14, ... shown in FIG. 5 are represented by 



reference symbols G11. R12. G13, R14. .... similarly. In 
the drawings, reference letter P v denotes a signal pack- 
et of the vertical CCD register 4, reference letter 
denotes a sicrial packet of A region • B region, and ref- 
$ erence letter P H denotes a signal packet of the horizon- 
tal CCD register 6. 

[0067] An operation of the solid-state Imaging device 
according to the above-mentioned ernbodiment will be 
described with reference to FIGS. 7 to 15. 
io [0068] Initially, in the timing of FIG. 7, after the first 
vertical transfer period V1 is ended, at a time til, signal 
electric charges are accumulated in the region corre- 
sponding to the drive pu Ise 4>V2 of the vertical CCD reg- 
ister. At the same time, signal electric charges are trans- 
it ferred to and accumulated in the region corresponding 
to the drive pulse <*VA in the A - A cross-section of FIG. 
6, and signal electric charges are transferred to and ac- 
cumulated in me region corresponding to the drive pulse 
<$>VB in the B - » cross-section (see A of FIG. 8 and A 
*0 ofFIG.12), 

[0069] In actual practice, at the time til , as shown in A 
of FIG . 8, the potentials of the drive pulses <frVA and $VB 
are held at a high level so that a signal electric charge 
corresponding to the pixel G11 Is accumulated in a ro- 
se gion (hereinafter referred to as A region) corresponding 
to the drive pulse $VA with respect to the A - A' cross- 
section, a signal electric charge corresponding to the 
pixel G13 is accumulated in a region (hereinafter re- 
ferred to as B region) corresponding to the drive pulse 
30 4VB with respect to the B-B cross-section, and signal 
electric charges corresponding to the pixels G21 and 
G23 on the second row are accumulated In the region 
corresponding to the drive pulse $V2 closest to the hor- 
izontal CCD register 6. 
35 [0070] In FIGS. 12 to 15, the B regions are shown 
hatched so as to be distinguished from the A regions. 
[0071] Next, at a time 112, although the potential of 
the drive pulse <frVA is maintained at high level, the drive 
pulse $VB is changed from the high potential to the low 
40 potential. Therefore, as shown in B of FIG. 8 and B of 
FIG. 12, the signal electric charge G13 is transferred 
from the B region to the A region in the B - B' cross- 
section. On the other hand, in the A - A* cross-section, 
the B region becomes a barrier region to hinder signal 
45 electric charges from being transferred. 

[0072] Next, at a time t13, the drive pulse <>VA is 
changed from the high potential to the low potential, and 
the drive pulse $VB is changed from the tow potential to 
the high potential 
so [0073] Cortsequentty, as shown In C of FIG. B and C 
of FIG. 1 3, in the A - A' cross-section, the barrier formed 
by the B region is tost so mat the signal electric charge 
G1 1 ie transferred from the A region to the B regtaa 
[0074] On the other hand, in the B-B* cross-section, 
6S the signal electric charge G1 3 is transferred from the A 
region tothe rtorizontal CCD register. 
[0075] Then,b«tweenatlmet13ar«iatjmetl4, signal 
electric charges are transferred to the horizontal CCD 
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register twice. 

[0076] Consequently, the signal electric charge G13 
is transferred to the accumulation region of the horizon- 
tal register corresponding to the A - A* cross-section 
(see D oi FIG. 9 and D of FIG. 13 which show the state 
obtained at the time t1 4), 

[0077] Next, at a time t15, the drive pulse <>VA is 
changed from the low potential to the high potential, and 
the drive pulse <}>VB is changed from the high potential 
to the tow potential. 

[0078] Consequently, as shown in E of FIG. 9 and E 
of FIG. 13, in the A- A' cross -section, the signal electric 
charge Gl 1 is transferred from the B region to the hor- 
izontal CCD register, in which it is added to the signal 
electric charge G13 mat was accumulated at the pre- 
ceding time t1 4. 

[0079] Subsequently, after the time tlS, the drive 
pulse $VB Is returned to the high potential. Thereafter, 
until a time 121. the vertical transfer is executed during 
the second vertical transfer period V 2 with the result that, 
as shown in F of FIG. 1 0, the electric charges G21 . G23 
of the second row are moved to the A region and the B 
region, respectively. 

[0080] While the operation in the first column and the 
second column has been described so far, a similar op- 
eration is executed in the second column and the fourth 
column and columns following the fifth column. Thus, 
the layout of signal electric charges is placed in the state 
of F of FIG. 14. 

[0081] In this state, 1/2 packets of all packets in the 
horizontal register are still blank packets. 
[0082] Then, also at the time !21 to a time t25, as F 
to J of FIGS. 10 to 11 and F to J of FIGS. 14 to 15 show 
the transfer states of signal electric charges, respective- 
ly, operations similar to those of the above-mentioned 
times t1 1 to t1 5 are effected on the signal electric charg- 
es G21, B22. G23, B24, ... of the second row. 
[0083] Incidentally, the signal electric charges G11, 
G1 3, R12. R14 are transferred twice by the transfer of 
the horizontal CCD register 6 during a time period rang- 
ing from t23 to t24 (see H of FIG. 14 and I of FIG. 15), 
and are transferred to the extended portion of the hori- 
zontal CCD register 6. 

[0084] By this operation, at the tane 125, as shown in 
J of FIG. 15. blank packets of the horizontal CCD reg- 
ister 6 are filled with the signaJ electric charges of the 
second row and utilized effectively. 
[0085] Also, at the same time, signals of columns dis- 
tant from each other by two pixels In the horizontal di- 
rection are added and synthesized. 
[0086] Then, in J of FIG. 15, synthesized signals 
G11+G13, R12+R14, G21+G23. B22+B24, ... are out- 
putted into the horizontal CCD register 6, in that order. 
[0087] Accordingly, there is obtained a signal of two 
rows by one horizontal scanning. Thus, when the driving 
frequency of the horizontal CCD register 6 is constant, 
about twice frame rate is obtained by the above-men- 
tioned operation. 



[0088] By the above-mentioned operation, signals of 
columns distant from each other by two pixels in the hor- 
izontal direction may be added and synthesized. Also, 
ail sio/ial electric charges of the two rows may be trans- 
s ferred to the horizontal register at the same time point. 
[0089] According to the color CCD solid-state imaging 
device 1 of the above-mentioned embodiment, the sig- 
nal electric charges distant from each other by two pixels 
in the horizontal direction are added and mixed as de- 
w scribed above, whereby the data rate in the horizontal 
direction may be reduced to 1/2. Thus, the solid-state 
imaging device may be operated at a high speed. 
[0090] Then, since the color filter 1 0 having the two- 
pixel cycle in the horizontal direction is used, the even- 
ts numbered columns of the pixels of each row and the 
odd-numbered columns of the pixels of each row a re the 
filters of the same color. Therefore, even when signal 
electric charges are mixed, it is possible to prevent 
colors from being mixed. 
eo [0091] Since a signal electric charge of }+-1th row is 
transferred and mixed into the blank packet which is pro- 
. duoed when the signal electric charge of the Hh row is 
added and mixed with the signal electric charge by the 
horizontal CCD register 6. it is possible to prevent colors 
2S of the signal electric charges of the Hh row and the |+1 th 
row from being mixed. 

[0092] That is, the colors can be prevented from being 
mixed, and the data rate In the horizontal direction can 
be reduced. 

30 {0093] Further, since the blank packet is filled with the 
signal electric charge on the }+1th row. the packets of 
the horizontal CCD register 6 may be utilized effectively, 
and a ratio between the number of data and the hori- 
zontal transfer pulses can be made substantially con- 

35 slant. Also, signal electric charges need not be dis- 
charged, so that all signal electric charges may be uti- 
lized. 

[0094] Also, since the signal electric charges of two 
pixels are added : a sensitivity may be increased as conv 
40 pared with case in which signal electric charges are not 
added. 

[0095] Also, since signals of the whole of the pixels In 
the imaging region 5 may be synthesized, even when 
the number of data In the horizontal direction Is reduced 

as to 1/2. an angle of view is not changed. 

[0098] In orderto obtain the same output of the normal 
CCD sofid-state Imag&ig device In which the number of 
datainmehc<tzontaldirectfonisnc4reduced,atmetim^ 
ing shown In FIG. 7, thB horizontal transfer pulses <{>H1, 

so $H2 between the times t1 3 and t1 4 may bs deleted, and 
the second vertical transfer period V 2 and the second 
horizontal register mixrig period HM2 (including times 
t21 to t25) following the time t1 5 may be deleted, thereby 
providing the next horizontal transfer period H. 

ss [0097] While the data rate In the horizontal direction 
is set to 1/2 n the above-mentioned embocSment, the 
present invention Is not limited thereto, and both of the 
data rale in the vertical direction and the data rate in the 
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horizontal direction may be reduced to 1/2 by a combi- 
nation of the previously-proposed arrangement tor re- 
ducing the data rate in the vertical direction to 1/2 and 
the arrangement of the present invention for reducing 
the data rate in the horizontal direction to 1/2. 
[0098] In this case, the color filter is needed to have 
an arrangement comprising the two-pixel cycle both in 
the horizontal direction and the vertkial direction. 
[0099] As a typical arrangement for example, a color 
filter may be comprised by using a so-called Bayer ar- 
rangement in which a green G is arranged in the oblique 
direction and a blue B and a red R are disposed in re- 
maining pixels as shown in FIG. 14orthe like, in addition 
to the arrangement of the color filter 1 0 shown in FIG. 4. 
[0100] The manner in which signal electric charges 
are transferred in this case will be described with refer- 
ence to FIGS. 17 and 18. 

[0101] FIGS. 1 7 and 1 B show the manner in which sig- 
nal electric charges in the vertical direction are added 
immediately after the signal electric charges are read 
out. 

[0102] In addition to the above-mentioned arrange- 
ment, by devising the driving timing, it is possble to add 
signal electric charges h the vertical direction in the ex- 
tended portion 4A of the vertical CCD register. 
[0103] FIG. 17 shows the stale corresponding to the 
time t11 of the timing shown in FIG. 7. 
[0104] On the first row, there are arranged signal elec- 
tric charges G11+G31, R12+R32. G13+G33, 
R14+B34, ... which result from adding signal electric 
charges of pixels on the first row and signal electric 
charges of pixels on the third row. On the second row, 
there are arranged signal electric charges G21+G41, 
B22+B42, G43, B24+B44, ... which result from 
adding signal electric charges of ptxels on the second 
row and signal electric charges of pixels on the fourth 
row. 

[0105] By transferring signal electric charges similarly 
to FIGS. 8 to 15 from the state in which signal electric 
charges of two ptxels are added, there are obtained sig- 
nal electric charges G15+G17+G35+ G37 which result 
from adding signal electric charges of 4 pixels and the 
like as FIG. 18^owsthestatecorrespondingtothetlme 
t25 of the timing shown in FIG. 7, thereby making it pos- 
sible to reduce both of the data rate in the vertical direc- 
tion the data rate In the horizontal direction to 1/2. 
[0106] While the present invention has been de- 
scribed so tar based on the color arrangement of the 
pixel In the above-mentioned respective embodiments, 
the present invention is not limited thereto, and similar 
effects may be achieved even when the color arrange- 
ment of electric charges of the packets within the vertical 
register has a two-column cycle in the horizontal direc- 
tion. 

[0107] Also, while signal electric charges are trans- 
ferred from the vertical CCD register to the horizontal 
CCO register at the two-column unit of the vertical CCD 
register and signal electric charges are transferred by 



the two-phase driving based on the drive pulses *VA 
and *VB in the extended portion of the vertical CCD reg- 
ister in the above-mentioned respective embodiments, 
the number of columns of the transfer unit and the drrv- 
5 ing system in the extended portion of the vertical CCD 
register are not limited thereto and may be changed 
freely. 

[0103] The unit of the transfer from the vertical CCD 
register to the horizontal CCD register may use such a 
10 unit comprising the constant number of columns of the 
. vertical CCD register. 
[0109] ■T^en, the transfer electrodes of the extended 
portion of the vertical CCD register are disposed in such 
a manner mat the same transfer electrodes may be- 
is come continuous at the unit comprising the constant 
number of columns of this transfer. 
[0110] Incidentally, it is frequently observed that, if the 
number of columns in this transfer unit Increases, then 
signal electric charges of pixels far distant from each 
20 other on the same row are mixed to cause original signal 
electric charges to be mixed to become different consid- 
erably. This is not therefore preferable. The transfer unit 
should preferably be made less than 4 columns. 
[0111] Also, in the color solid-state imaging device, ft 
2& is necessary to prevent colors from being mixed by us- 
ing an integral multiple of the number of pixels of the 
cycle in which the color arrangement Is repeated in the 
horizontal direction as the transfer unit. 
[011 2] That Is, when thecotor arrangement of the two- 
so pixel cycle is used like the aforementioned embodi- 
ments, the transfer unit may be a two-column unit or a 
four-column unit, for example. If the color arrangement 
is of the three-pixel unit, then the transfer unit is a th ree- 
column unit, for example. 
3$ [0113] Incidentally, the present invention may be ap- 
plied to a single-color solid-state imaging device or a 
black and white solid-slate imaging device. In the single- 
color solid-state imaging device or the black and white 
solid-state imaging device, since there is then no risk 
40 that colors will be mixed, it is possible to make the 
above-mentioned transfer unit become a one-column 
unit 

[0114] Also, if ttie driving in the extended portion 4A 
of the vertical CCD register Is effected in three-phase 
as driving by three transfer electrodes, tor example, and 
signal electric charges are transferred in the horizontal 
direction each time signal electric charges of one unit 
are transferred to the horizontal CCD register 8. then it 
is possible to reduce the data rate in the horizontal al- 
so rectfan to 1/3. In general, if the extended portion is n- 
phase driven by n transfer electrodes, then the data rate 
in the horizontal direction may be reduced to 1/h. How- 
ever, if n increases too much, then the shape and driving 
of the transfer electrode in the extended portion of the 
ss vertical CCD register become complex 

[011 5J The present invention is not limited to the in- 
terline transfer type solid-state imagng device or the 
frame Werfine transfer type solid-state imaging device. 
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and may be applied to a frame transfer type solid-slate 
imaging device in which a vertical CCD register having 
a tight-receiving function is used as a pixel. 
[0116} FIG. 19 is a schematic diagram showing a 
camera using the solid-state imaging device of the 
above-mentioned arrangement and Us driving method 
according to an errfcodiment of the present invention. 
[0117] In FIG. 19, an incident light from an object is 
focused on the imaging screen of a solid-state imaging 
element 22 by an optical system including a lens 21 . As 
the solid-state imaging element 22, there is used a sofid- 
state imaging element having an arrangement similar to 
the solid-state imaging element used in the solid-state 
imaging device 1 having the arrangement shown in 
FIGS. 3 and 6 or the like. 

[0118] This solid-state imaging device 22 is driven by 
a driving system 23 based on the aforementioned driv- 
ing method: Then, an output signal from the solid-state 
imaging device 22 is variously processed by a signal 
processing system 24 and outputted as a video signal. 
[01 1 9] Then, if the camera of the above-mentioned ar- 
rangement has the switching mode for switching a high- 
speed operation mode in which signal electric charges 
of pixels distant from each other on the same row are 
transferred to the CCD register, the signal electric charg- 
es are mixed within the horizontal CCD register and the 
mixed signal electric charges are transferred fen the hor- 
izontal direction and a normal imaging mode, then when 
a user observes an object through an electronic view- 
finder, an image with a bicfh resolution of a moving pic- 
ture may be obtained at a high speed in response to the 
change of the amount of received light in the high-speed 
operation mode. On the other hand, when a user takes 
a picture, it is possible to increase a resolution of a still 
picture in the normal imaging mode. 
[01 20] Incidentally, in the camera of the above-men- 
tioned arrangement, if the output signals from the solid- 
state imaging element 22, e.g. G11*G13, R12+R14, 
G2i +G23, B22+B24, ... are rearranged at every row of 
pixels fike G114<3I13, R12+R14, G15+G17, G21+G23, 
B22+824, G25+G27, .... for example, by using a mem- 
ory, then it becomes possible to apply a conventional 
signal processing system to the present camera. If so, 
it is possible to realize a camera which is highly matched 
with a conventional system. 

[0121] The solid-stale imaging device, its driving 
method and the camera according to the present inven- 
tion are not limited to the above-mentioned embodi- 
ments, and may take various arrangements without de- 
parting from the gist of the present invention. 
[0122] According to the above-mentioned solid-state 
imaging device driving method of the present invention, 
by adding and mixing the signal electric charges distant 
from each other by two pixels in the horizontal direction, 
the data rate in the horizontal direction may be reduced 
to 1/2. Thus, it is possible to operate the solid-state im- 
aging device at a high speed. 

[0123] Also, since the blank packets that. are pro- 
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duced in the horizontal register after signal electric 
charges ol one row are transferred are filled with signal 
charges of the next row, the packets ol the horizontal 
register may be utilized effectively, and the ratio be- 
s tween the number of data and the horizontal transfer 
pulses may be made substantially constant. In addition, 
signal electric charges need not be discharged, and 
. hence all signal electric charges may be used. 

[01 24] Also, since signal electric charges of two pixels 
io are added, a sensitivity may be increased as compared 
with the case in which signal charges are not added. 
[0125] Further, since the signals of the whole of the 
pixels in the imaging area are synthesized, even when 
the number of data in the horizontal direction is reduced 
ts to 1/2, an angle of view is not changed. 

[01 26] Also, in the color sofid-etate imaging device, if 
signal electric charges ol pfxels of the same color distant 
from each other on the same row are transferred to the 
horizontal register, the signal electric charges are mixed 
bo within the horizontal register and the mixed signal elec- 
tric charges are transferred in the horizontal direction, 
then even when signal electric charges are mixed, 
colors may be prevented from being mixed. Accordingly, 
it is possible to reduce the data rate in the horizontal 
2S direction without generating the mixture of colors. 

[01271 According to the above-mentioned solid-state 
imaging device of the present invention, since the trans- 
fer electrodes of the first phase and the second phase 
are alternately disposed at every predetermined column 
30 of the vertical register in the transfer gate unit, signal 
electric charges may be separately transferred to the 
horizontal register at every predetermined column unit 
of the vertical register. Therefore, the signal electric 
charges that were separately transferred may be mixed 
35 within the horizontal register by operating the horizontal 
register during this time period 
[0128] Also, since the camera according to the 
present invention has the switching mode for switching 
the high-speed operation mode in which signal electric 
40 charges ot pixels distant from each other on the same 
row are transferred to the horizontal register, the signal 
electric charges are mixed within the horizontal register 
and the mixed signal electric charges are transferred in 
the horizontal direction and the normal imaging mode, 
45 whan a user observes an object through an electronic 
viewfinder ; ft Is possible to obtain an Image of a high 
resolution ot a moving picture in the high-cpeed opera- 
tion mode. On the other hand, when the user takes a 
picture, ft is possible to increase a resolution of a still 
so picture in the normal imaging mode. 

[0129] Having described preferred embodiments of 
the present invention with reference to the accompany- 
ing drawings, it is to be understood that me present in- 
vention is not limited to the above-mentioned embodi- 
es ments and that various changes and rnotSicatione can 
be effected therein by one skilled in the art without de- 
parting from the spirit or scope of the present invention 
as defined in the appended claims. 
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Claims 

1. In a solid-state imaging device comprising a two- 
dimensional arrayed pixel provided with a photo- 
electric conversion unit for photo-electric converting 
an ncident light to a signal charge and a vertical 
register tor transferring said signal charge or a ver- 
tical register having a photo-electric conversion 
function for transferring a signal charge produced 
by photo-electric converting an incident light and a 
horizontal register for receiving and transferring 
said signal charge transferred by said vertical reg- 
ister, a method of driving a solid-state imaging de- 
vice being characterized by comprising the steps of: 

mixing signal charges of pixels distant Irom 
each other on one row transferred to said hor- 
izontal register from said vertical register within 
said horizontal register and 
transferring said mixed signal charge in the hor- 
izontal direction. 

2. A method of driving a soiid-«tate imaging device as 
claimed in claim 1, characterized in that after said 
signal charges of pixels distant from each other on 
said one row are separately transferred from said 
vertical register to said horizontal register and one 
signal charge is transferred to said horizontal reg- 
ister, said one signal charge is transferred within 
said horizontal register and the other signal charge 
is transferred to said horizontal register, in which 
said signal charges are mixed 

3. A method of driving a solid-state imaging device as 
claimed in claim 2, characterized in that when said 
signal charges of pixels distant from each other on 
said one row are transferred from said vertical reg- 
ister to said horizontal register, said signal charges 
are transferred at every said vertical register of ad- 
jacent predetermined column. 

4. A method of driving a solid-state imaging device as 
claimed in claim 1. characterized h that said pbcel 
has a cotor filter thereon and pixels cfistant from 
each other on said one row are same in cotor. 

5. In a solid-state Imaging element having a photo- 
electric conversion means for photo-electric con- 
vertiig an incident light to a signal charge and a ver- 
tical transferring means for transferring said signal 
charge in a vertical direction and a horizontal reg- 
ister for receiving and transferring said signal 
charge transferred by said vertical transferring 
means in a horizontal ejection, a solid-state imag- 
ing device being characterized in that a transfer 
gate unit is provided between said vertical transfer- 
ring means and said horizontal register, and trans- 
fer electrode of first and second phase, which form 



said transfer gate unit, are disposed alternately at 
every constant column of said vertical transfernng 
means. 

5 a A camera comprising a solid-state imaging device 
which has a two-dimensional arrayed pixel provided 
with a photo-electric conversfon unit for photo-elec- 
tric converting an incident light to a signal charge . 
and a vertical register for transferring said signal 
io charge or a vertical register having a photo-electric 
conversion function for transferring a signal charge 
produced and a horizontal register for receiving and 
transferring said signaJ charge transferred by said 
vertical register, a first mode in which signal charge 
is of pixels distant from each other on one row and to 
be transferred from said vertical registerto said hor- 
izontal register are mixed within said horizontal reg- 
ister, said mixed signal charge Is transferred in a 
horizontal direction and output, and a second mode 
20 in which said register charges are separately trans- 
ferred in a horizontal direction as a signal charge of 
each pixel without being mixed within said horizon- 
tal register, said first and second modes being 
switchable. 

25 

7. A camera as claimed in claim 6, wherein said first 
mode is such that said signal charges of pixels dis- 
tant from each other on one row are transferred sep- 
arately from said vertical register to said horizontal 
30 register, after one signal charge is transferred to 
said horizontal register, it is transferred within said 
horizontal register, the other signal charge is trans- 
ferred to saW horizontal register, and said signal 
charges are mixed. 

35 

a A camera as claimed in dalm 7, whereri in said first 
mode, when said signal charges of pixels distant 
from each other on said one row are transferred 
from said vertical register to said horizontal register, 
40 said signal charges are transferred at every vertical 
register of adjacent constant columns. 

a A camera as claimed in claim 6. wherein said pixel 
has a cotor filter thereon and pixels o5stant from 
each other on said one row are same tn color. 



45 



10. A camera as cia&ned in claim 6, wherein said solid- 
state imaging device has a transfer gate unit be- 
tween said vertical register and said horizontal reg- 
ister and transfer electrodes of first and second 
phases, which form said transfer gate unit, are al- 
ternately disposed at every constant column of said 
vertical register. 
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